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53TRACT: 

=URPOSE:To reduce the taking-in of oxygen atoms into an amorphous or 
Dlycrystal 1 ine semiconductor film when the semiconductor film is melted 
nd solidified by applying laser beams so that the upper laye^■ section of 
le semiconductor film is melted but a lower section is not melted, 

.:ONSTITUTION: A foundation layer 2, an amorphous or po 1 yc rys t a 1 1 i n e 
?miconductor film 3 and a protective film 4 are formed successively on a 
.tbstrate 1, laser beams R are applied from the upper section of the 
Llm 14, and the film 3 is crystallised and a crystallized film 5 is 
Drmed- Beams R are applied under the state, in which the lower laye^" 
?ction of the film 3 is not melted, by properly adjusting the thickness 
f the film 3, the intensity of laser beams and the scanning speed of 
?ser beams at that time. Consequently, the constituent elements of a 
ilicon oKide film (the layer 2) shaped to the lower layer of the film 3 
s not mixed into the film 5, and oxygen atoms in the film 5 are r^educed 
ily by approximately one figure. Accordingly, since no impurity mixes to 
le film 5 from the layer 2, the speed of response can be increased when^^ 

transistor is formed by the film 5 while a back channel can be 
-evented effectively when the surface sections of the film 4 and the 
Llm 5 are removed partially and the thin-film transistor is formed. 
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Specifications /105* 

1. Title 

Method for Forming Semiconductor Crystallized Film 

2. Claim 

A method for forming a semiconductor crystallized film with 
a foundation layer, an amorphous or polycrystalline semiconductor 
film, and a protective film successively formed on a substrate, 
and with the exception of the lower layer section of the 
aforementioned semiconductor film, crystallization is conducted 
by applying a laser beam at an intensity so that the upper layer 
section of the semiconductor film is melted but the lower layer 
section is not melted. 
3. Detailed Specifications 
(Field of Industrial Utilization) 

The present invention pertains to a method for forming a 
semiconductor crystallized film; in particular, a method for 
forming a semiconductor crystallized film with any impurities 
contaminating the crystallized film being reduced. — 
(Problems Which the Invention Intends to Solve) 

In the past, there have been laser beam crystallization 
methods for crystallizing semiconductor films by melting and 
solidifying them by applying a laser beam onto an amorphous or 
polycrystalline semiconductor film which has been formed on a 
substrate, and various trials have been attempted in fabricating 
a large diameter crystallized film uncontaminated by impurities. 



*Number in the margin indicates pagination in the foreign text, 



For example, 1) inserting a foundation layer comprised of a 
Leon oxide film, or the like, which has been formed by a 
irmal oxidation process, between the substrate and the 
(lorphous or polycrystalline semiconductor film for preventing 
lontamination from the substrate and buffering the variation in 
;he coefficient of thermal expansion of the substrate and 2) 
^forming a crystallized film on an amorphous or polycrystalline 
semiconductor film by forming a protective film comprised of a 
silicon oxide film, or the like, for preventing contamination 
from the atmosphere and for maintaining the evenness of the 
crystallized film surface are disclosed in the publication of 
Tokko No. 61-16758. 

Although contamination from the substrate and atmosphere may 
be prevented when a semiconductor film is located between the 
foundation layer and the protective film, and then these are 
crystallized by applying a laser beam, there were problems in 
that the upper layer section of the foundation layer coming in 
contact with the semiconductor film and the lower layer section — 
of the protective film coming in contact with the semiconductor 
film melted together by wet combustion, as a semiconductor film, 
when the semiconductor film was melted, and there was a large 
amount of oxygen uptake into the semiconductor film. Thus, when 
the semiconductor film was crystallized in accordance with the 
structures and methods, as in the past, 5 x lo^' cm'^ of oxygen 7106 
existed in the semiconductor film. 
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When a transistor, or the like, is formed by using a 
semiconductor film contaminated with such a large amount of 
oxygen, the oversaturation of oxygen aggregates to a great degree 
and it turns into clusters, which forms a donor. An ionized 
donor becomes the scattered center of a carrier; hence, the 
electron and open hole mobility in the semiconductor film is 
poorly influenced. Consequently, the thermal donor as described 
above must be eliminated in order to improve the semiconductor 
characteristics • 

For semiconductor manufacturing processes utilizing a single 
crystal silicone substrate, there are high temperature treatment 
processes of 1,000^C or higher including processes for forming an 
oxide film or processes for diffusing contaminates, so the 
thermal donor is broken down, but when a thin-film transistor is 
formed on a glass substrate, there are problems in that the 
thermal donor remains at the end because a high temperature 
process is not performed, and a transistor with rapid speed of 
response may not be obtained. In addition, an 800^C, 10 second 
RTP (a rapid thermal process by ramp annealing) is also 
effective, but the glass substrate may not be put in this type of 
high temperature furnace. 

♦ 

In addition, removing the upper half of the crystallized 
semiconductor film by etching to diminish the influence of oxygen 
contamination from the protective layer has been considered in 
order to reduce the oxygen in the semiconductor film, but the 
oxygen which contaminates the upper layer section of the 



crystallized film from the foundation layer may not be removed. 

The present invention has been devised in view of such 
problems, and the objective is to offer a method for forming a 
semiconductor crystallized film with the oxygen uptake in the 
semiconductor film reduced upon melting and solidifying the 
semiconductor film. 
(Means Used to Solve the Problems) 

According to the present invention, a method for forming the 
semiconductor crystallized film is proposed wherein a foundation 
layer, an amorphous or polycrystalline semiconductor film, and a 
protective film are successively formed on a substrate, and with 
the exception of the lower layer section of the semiconductor 
film, crystallization is conducted by applying a laser beam at an 
intensity so that the upper layer section of the semiconductor 
film is melted but the lower layer section is not melted, and 
thus, the above-mentioned objective is achieved. 
(Effects) 

Because the lower layer section of the semiconductor film 
does not melt even when the semiconductor film is melted by 
applying a laser beam onto it, oxygen, or the like, from the 
foundation layer does not contaminate the semiconductor film. 
(Practical Examples) 

The present invention will be explained in detailed on the 
basis of the appended drawings. 

(a) to (d) of Figure 1 are process drawings for explaining 
the method for forming the semiconductor crystallized film 



pertaining to the present invention 

First of all, the foundation layer 2 is formed on the 
substrate 1 comprised of a #7059 substrate (refer to (a) of 
Figure 1). This foundation layer 2 is constructed of a silicon 
oxide layer, silicon nitride layer, or silicon carbide layer. 
When the foundation layer 2 is constructed of the silicon oxide 
layer, it is formed by using a plasma CVD process, a light CVD 
process, or a thermal CVD process, when it is formed by using 
the plasma CVD process, it is formed on an insulation substrate 1 
to a thickness of 3,000 to 50,000A by supplying gas and SiH^ 
gas into a reactor so that the flow ratio (N20/SiHJ is 1 to 200, 
preferably, 37 with a discharge power supply of about 0.1 W/cra to 
2 W/cm2, preferably, 0.5 W/cm^ to cause a plasma reaction while 
pressurizing the plasma reactor to a reduced pressure of 0.1 to 5 
Torr, preferably, 2 Torr and maintaining the insulation substrate 
at 100 to 500°C, preferably, 400«»C. 

Next, an amorphous or polycrystalline semiconductor film 3 /107 
is formed on the aforementioned foundation layer 2. When this — 
amorphous or polycrystalline film 3 is formed from silicon, it is 
formed to a thickness of 1 to 3 ^im by using a well-known 
conventional plasma CVD process. That is, when the silicon film 
is formed by a plasma CVD process, the insulation substrate 1, * 
with the silicon oxide film 2 adhered to it is conveyed into the 
plasma reactor, a silicon hydroxide gas, such as monosilane 
(SiHj, is introduced into the reactor, and the silicon hydroxide 
gas is decomposed by the plasma while heating the substrate to 



150 to 400°C to form the silicon film on the silicon oxide substrate. 

A protective film 4 is formed on the aforementioned 
amorphous or polycrystalline semiconductor film 3 next. This 
protective film 4 is constructed of a silicon oxide film, a 
silicon nitride film, a silicon carbide film, etc. When the 
protective film 4 is constructed with a silicon oxide film, it is 
formed by a plasma CVD process, light CVD process or thermal CVD 
process. When it is formed by a plasma CVD process, it is formed 
on an insulation substrate 1 to a thickness of 3,000 to 50,000A 
by supplying gas and SiH^ gas into a reactor so that the flow 
ratio (NjO/SiH^) is 1 to 200, preferably, 37 with a discharge 
power supply of about 0.1 to 2 W/cm^, preferably, 0.5 W/cm^ to 
cause a plasma reaction while pressurizing the plasma reactor to 
a reduced pressure of 0.1 to 5 Torr, preferably, 2 Torr and 
maintaining the insulation substrate at 100 to 500°C, preferably, 
400°C. 

The crystallized film 5 is formed by crystallizing the 
amorphous or polycrystalline semiconductor film 3 by applying a — 
laser beam R from over the aforementioned protective film 4 
(refer to (b) and (c) of Figure 1). Crystallization occurs by 
melting and solidifying the amorphous or polycrystalline 
semiconductor film 3 by applying a 0.1 to 20 W continuous 
oscillating argon laser, for this laser beam R, at a scanning 
speed of 0.5 to 20 cm/sec. The laser beam is applied during this 
time so that the lower layer section of the amorphous or 
polycrystalline semiconductor film 3 does not melt. And, the 



s 



Si 

thxckness of the semiconductor layer, the intensity of the laser 
beam, and the scanning speed of the laser beam should be properly 
adjusted so that the lower layer section of the amorphous or 
polycrystalline semiconductor film 3 does not melt. When 
scanning of the laser beam is conducted so that the lower layer 
section of the amorphous or polycrystalline semiconductor film 3 
does not melt, the constituent elements of the silicon oxide film 
2, which is formed in the lower layer of the amorphous or 
polycrystalline semiconductor film 2, do not contaminate the 
crystallized film 5, and the (depth] of the oxygen atoms in the 
crystallized film 5 is on the order of lO^' cm-^ so the oxygen 
density is on the order of 5 x lo^' to 2 x lo^^ cm'^ when the 
semiconductor film 3 is completely melted, and it is reduced by 
about one layer in accordance with the present invention. 

By removing the protective film 4 and a 0.5 pm thick surface 
film section of the crystallized film 5, the crystallized film 5 
as stated above is used as a film for forming a staggered type 
thin-film transistor (refer to (d) of Figure 1). The sections 
rich in oxygen atoms, which have been contaminated from the 
protective layer 4, are removed by etching the surface section of 
the crystallized film 5. In addition, the lower layer section of 
the semiconductor film 3, which has not been crystallized, does 
not influence the effects of the transistor, so it may remain 
amorphous as is. 
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(Merits of the Invention) 

According to the method for forming the semiconductor 
crystallized film pertaining to the present invention,^ because 
crystallization occurs by melting and solidifying only the 
surface section of the semiconductor film, impurities from the 
foundation layer do not contaminate the crystallized film, and 
when a transistor is formed from this crystallized film, it be 
formed with a rapid speed of response. 

In addition, because the semiconductor film of the amorphous 
or polycrystalline semiconductor film remains unmelted as is in 
the lower layer of the semiconductor crystallized film, it is 
effective in preventing a back channel when the thin-film 
transistor is formed. 

4. Brief Description of the Figures 

(a) to (d) of Figure 1 are drawings for explaining the 
method for forming the semiconductor crystallized film pertaining 
to the present invention, respectively. 

1: substrate; 2: foundation layer; 

3: amorphous or polycrystalline semiconductor film; 

4: protective film; 5: crystallized film 



@B*BJ««rfx(JP) ® Vf ¥r th m \m 

©^m^Wf"^^ (A) ^4-11722 

©InLCL* ISXS'iSd^ frf^SffiS^ ©^93 ^^4 ^(1992) 1 ^16B 

H 01 L 21/20 7739-4M 
21/283 

<8^ Bl ^2-114812 

@tti fil ^2(1990) 4 ;?28B 

m ^ m ^ s & s^Si!Si:ABft]m«£»Br&&i?n68Sifio6 m^v^^ 

ttaSJIABmxlSF^ 

®^ * «r E ^ »«!e:ABftTmK?RBrSS»lI66*Jfe<7>6 m-fc^ftis:^ 

a:ffl^«ABf!jX«F^ 

9i « 15 BB » ^ iS5HJRABmm4e»Brfi^!^1168S^lfe0 6 

ttKKABmX^rt 



QJi IBS' 

^ia^«:»a<fcr ^^^^ii^sA^tja^^^A^jfe- 
4Z e A fl: » 4« C « A -r 4i ^ t% €: « 1^ t!: L *r> /L- 

A^»«*:»!CU-tf5t5r!««Lr««- Qlfta^ 

^ w t J: 9 ^mt^m^^Tm^t^ h u --r t - A 



T v» i . 

4»/>*f>Oi<5»€'R»v^r^- 9 . B A <t)R R 35 <0 V ii 5£ 



fR->X h ^ y U ^ ^ rj: ^' ^ f^^^ ^ ^ iSttfa 
-trx^K^rv^n:*^. ft « i r ^ - v /t. k -^ - r» 



?»ra¥4-11722 (2) 
7 K - -7 r D ^ ;^ ) c w r /> & z^- . » 

T « «c « «0 T » 25 4Ma n 5- e B-u ft r * * i5 «c e .To 



( m ) 

<OIBi^:^i£$:[ft^vaX:*^<7)XS0-c^>^. 
TiftC 2 e edtT & ( 3« 1 t2(^^c ) . c oTift 



OOr. »?59C(i4 0 OrciCf^JL^^;^-^. N, 

H. > j!K1-200I2jK. «FiacU37C=5r^jfc 
9 t:RIC<PrtC^|&LTr70 . lW/cm'-2 
W/cm' . »aicri0. 5W/cm' ^0»^ffi 

±CC3000--50000Af2«OflfJV 

3«^.«fili0 7-7X7CVDit^t-ri-3MmacC 

CeSALT, ^ys.^v (S i H. ) 

0-4 0 0X:i::aiftL^*^<^>^«<ti.y3>;5-^ 



eO. 1 - 5 t o r r . tf i5t:Ci 2 1 o r r «C« 
ELT. IftliSSeE^ 1 OO-SOO-C. fffflCU 



(3) 

- ^ 5t R L T «i . 0 . I - 2 O w o i« Tic ^ ^ 
T/V:^>U-ifi-^^;5.fS0. 5--20ccn.'s 
c c T- K? W L r M 5i :i C SS ^ «: S? 3 5: 

:2e''rT^^«:B3 3 O T S £5 5^ «.t ?S L -^l' v^ 1 d iz r 

AC£?::llJi;iSJii|i55(*:55 3 0T®S^>*>'jgSlL 
^rvii: 9 Cf*^STU--/3£5:^3SETi t . If A ^ 
i rj «i -^^a^iSJ «t R 3 or « ic L rc ft ft: > 
y a 2 0«^7c3??*<4S^i{l:JR 5 «?{CiSAr i 

c m-'^iSr t 0 . ^3l(*e 3 r 5e:^tC?SPa$t^ 

m - ^. C T- ^ ^» tf> . ;c J: /I U 1 C"> 

± i« O J: 5 L T it; t « 6*?: ft 5 U . 

aa« 4tisAn:jR5iORi5es:^o. 5//m 



^ > 6 - t J: 0 , &»JB4 d*f,3[AL 

T c coi5 r« ft: a r K ^ > ^ e u n: ^ u . 

55 2S r?. O ig V ^ h ^ > ;s: ^ ^. ij^ -f ^ . T 
<> . 

±t: , ^- 85 #*: tt rfi ft: W o T « C. 1^ a «f i U 
ffl h ^ > ;^ L rj (c. 7 



K 35 O S5 i£ C: e£ 9J 

1 0(a) - cfi «i . -r /I -f n ^ J^'-: iz »A r S5 1* 
« A ffcSfi <o ^ flc >r it S: iff ^ r o «^ (7) -C- f> i . 

^ : S«[ 2 : Tl*« 

n a: B a 

( 6 6 3 ) -t V 5t It 



f . 




4 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: — 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




LINES OR MARKS ON ORIGINAL DOCUMENT 



